
EuropSlsches P.ntenta»nt 
European Pstent Office 

Office europnnn dr;s brevets 



*l«r:anon number: 



0 146 523 

A2 



© 



tUnOPEAW p;> -.hi 



PLICATION 



@ Application number: 848701 69.4 
@ Date of filing: 07.12.84 



«? •«■■ CI/.A61 K 39/095, A 61 K 37/54 
//C12N9/52.C12N1/20 



© Priority: 12.12.83 US 560780 



! <t 



rolicant: NOROEN LABORATORIES, INC., 601 W. 
'..rnhusker Highway, Lincoln, Nebraska 68501 (US) 



@ Date of publication of application : 26.06.85 
Bulletin 65/26 



V/- 



!- : \ pntor: Gerber, Jay Dean, 2435 Stockwel! Street, 
:.in=oln. Nebraska 68502 (US) 



Designated Contracting States: at be CMDEFRGB i > 
ULUNLSE 



<£ .-.epresentaiive: Tasset, Gerard, SMITH KLINE - R IT rue 
i lnstitut. 39, B-1330 Rbcensart (BE) 



©> Moraxella bovte bacterial. 

@ Protease produced by Moraxeila bows can bo used a: 
an Immunoprophylactic agent for protection against infec- 
tion by M. bovis. 
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Moraxe : .a bo r is Bacterin 

15 FIELD OF T HIS INVENTION 

This invention •el^r - 3 to veterinary vaccines 
and, in particular, to * Mot b:<ella bovis bacterin. 



THE INDENTION 



20 Moraxella sd . b-ilonc to the Family Neisser iaceae . 

They are strictly aerobic, rjrr-.m negative, plump rods in 
pairs or short chains e:i--1 a:.- oxidase (+) and catalase 
( + ) . They are pathogen ic in .i-ammals , causing 
conjunctivitis, sometimes referred to as pink eye. 

25 aijsterveld, Amer. J . Ophthamology 72 (1):181-184 

(1971), reports that two sptcies isolatad from human 
clinical infections, M. liguef aciens and a new 
carbohydrate-splitting species, produce different types 
and amounts of proteases. 

30 Moraxella bovis is the etiologic agent of 

infectious bovine keratoconjunctivitis (IBK) , sometimes 
referred to as bovine pinkeye. Baptista, Br. Vet. J . 
135 : 225-242 (1979), reviewed hhe incidence, symptoms, 
etiology, treatment and control of I3K. 

35 Frank and Gerbe.r, >7 : Clin. Microbiol . 

1^(2) :269-271 (198I) , report Hhat M^_ bovis produces tissue 
damaging enzymes which may initiate or potentiate IBK. 
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Pugh efc al., -.'ani;.. J. Comp. Med , 37 ;70-78 
(1973) , report a role -r hovis toxins in 
reactogenicity of live .-t. cvjs vaccines. 

Henson and Gr- ib!. . Cornell Vet . 51: 267-284 
(1961), report product: wi . A. boy is of a hemolytic toxin 
and a de rmonecr o t ic to-- n. 

Si J MM- Y_ THE INVENTION 
The invention 2i. m in the discovery that 
proteolytic enzyme- pr :ar - :v/ Moraxella bovis can be used 
as an immunopr ophylact . r. for prevention of IBK. More 

particularly, one aspe r -e invention is a vaccine 
capable of inducir;;; in;- ni - :o Hocaxella bovis without 
serious side effects c pr .. Ing a vaccinal amount of M. 
bovis protease, 
15 Another aspect, of ; .;e invention is a vaccine 

capable of inducing irrjv,.jni ... to H. bovis without serious 
side effects comprising a accinal amount of a bovis 
bacterin which contain? a ^^noonent having proteolytic 



activity. 



DETAILED DE.S CRI '- "T ION OF THE INVENTION 
Moraxella bovi s s ;ains useful in preparing the 
vaccine of the inventio c— be isolated from clinical cases 
of IBK or can be obtained , available sources. Available 

25 sources include, for ex?rapV-. the American Type Culture 
Collection in Rockvilie. M;-: viand, U.S.A., where M. bovis 
strains are deposited under accession numbers 10900, 17947 
and 17948. The bacterid .will grow on most common bacterial 
culture media. However- t~ prepare the vaccine of the 

30 invention, the bacteria is -own in a medium in which the 
bacteria will produce ^ bovis protease as the presence of 
M. bovis protease in the vaccine is critical. 

Table 1, below., illustrates the criticality of the 
presence of bovis protease in the vaccine by showing the 

35 relationship of protease activity of various bacterin 
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suspensions to protection £ ; ;le and mice against 
experimental challenge «i* " • \».ent bovis « 

Protease activif. o:' . bacterin was measured in 
Trypticase Soy Aga: plate c- -ining 0.5% autoclaved skim 
milk. Ten microliters of Lac ./in were added to 3 mm 
wells. The zones of milk : r'. ..— lysis were measured after 24 
hours by first tracing a r Section of the zone and then 
measuring the zone of pro::-ol. - - s with a planimeter . The 
'area measured by the plan e '-'as designated as Units of 
Protease Activity. Pcla?- e :Lease activity (RPA) is 
defined as: 

?rotcoly;:i c £. ... st bar:terin = RPA 

Proteolytic uriit: o . ferer.r:e bacterin 
The relative pot :c- : a bacterin was determined 
as follows: Bacterinis we. .: -. : uted 5-fold in 0.15 M NaCl, 
Mice (16-20 grams) were v .c ..c-i twice, intraper i toneally 
(IP) at 21-day intervals -* \f: ' 5 ml of an appropriate 
dilution. At least three ■!.••". dilutions of bacterin were 

made with the range selec-^d - the lowest dilution would, 
protect 50% of the vaccina" :c mice. Mice were challenged 
IP 7 days following the s.v.-:or.r vaccination with 0.5 ml dose 
containing 5-50 of virulent M « bovis . All survivors 

in each test dilution werh receded 3 days following 
challenge. The 50% protective endpoint dilution (PD^q) of 
the bacterin was determined by the method of Reed and 
Muench, Amer. J. Hygiene Z 7 : 9 3 - 9 7 (1938). The relative 
potency (RP) of a bacterin is the ratio of the PD 5Q of 
that bacterin to the ?D 50 of t:he reference bacterin. The 
reference bacterin used h=:re : n was M . bovis strain Neb-9, 
grown in culture medium r..-.;nb*; ^ 4, Table 2, below, for about 
9.5 hours at about 33°C, -ub:-i tsnt ially as described below. 
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Vacci- Relative PmUM;. lu- 
nation Activity 
Status of 3acterin 



.:ve Pui.cncy No. of Calves Protected 
!*acterin from IBK/No. of Calves 
m Mice Challenged (% protected) 



10 



+ 



0.40 - 0 D'' 
0.21 
0 



1.10 



0.04 
0 



22/29 
1/7 
1/20 



(70%) 
(14%) 
(5%) 



15 



20 



25 



30 



35 



Auction is greatest when it 

r example, Table 2 
-.h medium composition on 

These results , and the 
shown in Table 3, below, 
Ls enhanced by addition to 



M. bovis piote.-. e 
is grown in enriched me- i . 
illustrates the effect c 
protease production of h 
results of another expe;: ;ne- 
show that protease prodi,.- ti- 
the growth medium of a s-ibsi-.r r.le which induces protease 
production . Examples or sr.ch substrates include, but are 
not limited to, casein or a wsein digest; hyaluronic 
acid, chondroiten sulfate ol ether tissue constituents 
contributing to tissue intecrity; yeast extract; beef 
infusion? and tryptone. other such substrates can be 
readily identified by testing cells grown in the presence 
of such substrate for proteolytic activity as described 
above. Hyaluronic acid and chondroiten sulfate and other 
factors play a role in binding cells to preserve tissue 
integrity; the activity ,,c the M. bovis protease appears 
to be directed at such cell binding. 

The results show th-r protease production is 
especially enhanced by a/: nil,.;-, of a source of casein, 
such as a Milk Stock, (or a rasein digest such as N-Z 
Amine A) to the growth m«rfii: a . For example, compare media 
1 and 5, Table 2 and compare media 7 and 8, Table 3. 
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Units of 



Relative 



I'm cease Activity Protease 
(Proteolytic Units) Activity 



RPMI - S 



0 



0.00 



.2 % Sod i liin bicarboiint'w 



BME Earle's Powder 



890 



0.40 



101 Fetnl Bovine Soun 



Bovine Corneal Celis 



Eugon Broth (360 g) 



1634 



0.73 



Yeast extract (60 

Tween 8 5 (600 ml) 

Tween 40 (300 ml) 

Milk Stock (600 n.r 

.04* o Chondroitin Sulfate :9(":". : .:vf! 

.024 Hyaluronic Acid (2 : • JO -J • 

Water (7,140 ml) 

Eugon Broth (360 g) 2222 1.00 

Yeast Extract (60 g) 

Tween 85 (500 ml) 

.04 9 o Chondroitin Sulfate (960 ml) 

.02% Hyaluronic Acid (2, M0 .rJj 

Milk Stock (600 ml) 

Water (9800 ml) 

RPMI - 1640 (10 L) 2536 1 .14 

.2% Sodium Bicarbonate 
N-Z Amine A (200 g) 
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RPMI-1S40 is a pri;r::i C :. Grand Island Biological 
Company, Grand Island, New y :ir! . It contains the following 
ingredients (mcj/L) : 



Ca(N0 3 ) 2 4r: O (100) 
KC1 (400) 

wgS0 4 (43-H-;) 
NaCl (6000) 
Na 2 HP0 4 (SQ0) 
glucose (20i;0) 
glutathione (red., ■;!) 
L-arginine (free base) .ou 
L-asparagine (50) 
L-aspartic acid (7:0) 
L-cystine (65.15, 2 HCl, 
L-glutamic acid (20) 
L-glutamine (300) 
glycine (10) 

L-histidine (free base) -.IS) 
L-hydroxyproline (20 ) 
L-isoleucine (alio free) (5c) 
L-leucine (met-free) (50; 
L-lysine HCl (40) 



L-me- hionine (15) 

L- phenylalanine (15) 

L-pr-«line (20) 

L-serine (30) 

L- threonine (20) 

L- tryptophane (5) 

L-tyosine (28.94, Na salt) 

L-valine (20) 

biotin ( .20) 

D-Ca pantothenate (.25) 

choline Cl (3) 

folic acid (1) 

i-inasitol (35) 

nicotinamide (1) 

p-aminobenzoic acid (1) 

pyricoxine HCl (1) 

riboflavin (.20) 

thiamine (1) 

vitamin B12 (.005) 



BME Earle's Powder i>, .-. product of the Grand Island 
Biological Company, Grand Island , tfew York, 
following ingredients (mg/L) . 



It contains the 



CaCl 2 (200) 
KC1 (400) 

MgS0 4 (an!-, yd.) (97.67) 
NaCl (6800) 
NaH 2 P0 4 H 2 0 (140) 



L- phenylalanine (16.50) 
L-threonine (24) 

tryptophane (4) 
r. -tyrosine (26) 
L-valine (23.50) 
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glucose (1000) 
phenol red (10) 
L-arginine KC1 (21) 
L-cystine 2KC1 (15.6. 
L-glut amine (29 2"; 
L-histidine {3;- 
L-isoleucine {26} 
L-lysine HC1 ( 36 . M) 
L- leucine (2;. ) 
L-meth iodine {"'' . "."•*: 

r.ucjon B:"oth is p: Ut 
Systems, Cockeysvill.j, M. y . ci. d 
ingredients (mg/L) ; 

trypticase pept* .e ( r- 

phy tone p^ n ;;one ■: 5 } 

NaCi (4) 



biotin (1) 

D-Ca pantothenate (1) 
choline chloride (1) 
folic acid (1) 
i-inositol (2) 
nicotinamide (1) 
pyridoxal HC1 (1) 
r i':;of lavin ( .10) 
thiamine HC1 (1) 

ot : :--3L Microbiology 

It contains the following 

sodium sulfite (.2) 
L-cystine (.7) 
dextrose (5.5) 



N-Z Amine A is -< c« s s*:in digest sold by Sheffield 
Products, Norwich, New y-rk 



Culture medium rumbei" 5, Table 2, is herein 
referred to as the "bactecir medium." It is the preferred 
medium for production of the oacterin and the protease of 
the invention- 
Results of a sir.:il;-. r experiment are reported in 

Table 3. 



Medium 



1. Plate Count Broth (4.75 c) 
0.5% Yeast Extract (1.25 g) 
Water (250 ml) 



Relative 
Protease Activity 

336 



2. Plate Count 3roth -4.'/5 g) 420 
Water (250 ml) 
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Mueller-H inton 3r :h i .1- □) 421 
Water ( 250 mi j 

Muellec-Hinton 3r*«:h { . 5 g) 455 

0.5% Yeast Evtrac- (• ^ q) H * 3 "" 
Water (250 mi) 



5. MIE M^diuiis ; ; 5 rp 
Bacto B (5 mi; 

6. RPMI-1640 (245 ml 
10 Bacto 3 {S rr.i; 



600 
649 



7. Eugon Broth ( 237 . m!: } 733 
0.5% Yeast Exr.rac 1 (} S d) 



5% Tween 



j -5 



8. Eucon Broth ( 7:25 ) 1271 

0-5% Yeast ExtracL (1 .:. 5 a) 
5% Milk Stock (12 1, 1 

5% Tween B5 ( l2 . 5 .1} 



25 



Plate Count Br:, :h 1.- 3 product of Difco 
Laboratories Detroit, chic; an. It contains 5 g of yeast 
extract, 10 g cf try-pec;.-; and 2 g of dextrose per liter of 
20 water, 

Mueller-Hinton Broth is described by Meuller et 
al " ?roc> 5QC ' Bx ^- 3iol > Mgj- 48= 330 (1941). it contains 
300 g of beef infusion, L7.5 g of Acidicase peptone and 1.5 
g of starch per liter of water. 

MIE medium contains the following ingredients 

L-cystine (200) serine (100) 

tyrosine (200) uracil (100) 

leucine (300) hypoxanthine (20) 

arginine (340) inosine (2000) 

glycine (300) K 2 HP0 4 (diab. ) (3480) 

lysine (5) KH 2 P0 4 (anhy.) (2720) 

methionine (100 y o ast extract (10000) 

Bacto Supplement B * product of Difco Labora- 
tories, Detroit, Michiga.-., is an enrichment for use in 



30 



35 
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supplement! 
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of fresh yeast. t t 


n 1 so 


opr.. 


ins gljtamine coenzyme (v 


factor) / .i 




iioxvlii:. 


! • :i n * 




z 7 owth factors. 
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oi - 


s . : iiso dependent on duration 


of growth. 
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able <1 , 


: .v 1 1 r 


_ 

r ^ - 


tows , ohows relative protease 


production 


oi: 


a .str;i 


r n o . 


il } 


■t- i s cultured for different 


lengths of 


t 1 


me i r. 


:.e b- 


t» .• : 


i nir-d in in . 












j: 4 








ion- 






(hrs) 






Un 


» s_/ in: 


Activitv 


0 






-£ . ** 


J.J 


0 


3 






1.3 




650 


4 






3 . C 




788 


5 






5 . 0 




800 


6 






. 3 


.. "j ;j 


1037 


8 






7.0 




1280 


24 






1.4 


c 

10- 


1660 



20 



25 



30 



35 



Protease pr«duc^ on can also vary depending upon 
the strain of M. bov i s employed. For example, under 
substantially identical <; -nc 5 i*: ions of growth, strain NEB-9 
produced 2217 proteolytic units, strain FLA-64 produced 1846 
proteolytic units and strain ATCC 10900 produced 900 
proteolytic units . 

A vaccine against H . bovis can be prepared from the 
protease, preferably isolated from the culture medium. More 
preferably, however, the protease is administered in a 
bacterin comprising killed M. oovis cultured under 
conditions which promote protease production, such as 
hereinabove described. Such bacterin preferably contains at 
least sufficient protease to provoke an immune response, 
that is, to stimulate pro .uciii *>n of antibody, to the 
protease . 

Typically, a m. ■••ovis seed stock is inoculated into 
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1 a bacterin medium, as des.-cibc -1 above. The culture is 
incubated at 30 to 3.\ n C f re:- rably 33°C, for 8 to 24 
hours with oration. *c ->v : satisfactory growth, the 
culture is i^«ns£eL:.:;i t« f.i hi mftdium using, for example, a 

5 1 to 5% (vol/vol) irt-.-cul: . :iis second seed passage 

containing c i hyd cos t: -pt- yc. a final concentration of 

0.01% is cuJ'-nrec at .70 ■ ;• : ' : preferably 33°C, for 16 
to 30 hours v.:th aer^t;o; 

Production . ::.".f. is prepared by inoculating a. 

10 medium with actively .;:o- ic .. -lis, for example, a 1 to 5% 

(vol/vol) i.'H-juluir: of : h: ::.c :. id passage . Such culture 

is aerated tc. main tain hi .1 ■■ /ren content, preferably at 
least about UU% dissolves ox «. : .jm . The pH is maintained at 
neutral to slightly alfcaJ ne ior example, pH 7.3, by 

15 addition of base, for ex a. pi SN NaOH . The culture is 
incubated at 30 to 35 C C, f :re/erably 33°C, for at least 2 
hours, preferably 4 to 2^ hors, until absorbance at 590 nm 
is at least 2.0 absorbfinc u preferably at least 4.0 

absorbance units. 

20 After determinin-.: c-i. density and confirming 

purity, aeration is d isco.. ■- i::u-.»fl , agitation is slowed and 
temperature is decreased n ;~io- 30°C, preferably to 
about 25°C. The culture s :.;v.:n inactivated by addition 
of a known inactivating a-.-*n*:. ruch as, for example, 

25 formaldehyde or gluterald-hyr.e . The preferred inactivating 
agent is beta-prop iolacto-e BPh) at a final concentration 
of 1:1200 (0.083%) beoaus- BPL has been found to be rapidly 
effective. Inactivaticn is continued until complete, 
usually about 2 to 10 houis. 

30 The inactivated -.-.ulture may be stored at 4°C 

until used. A preservative, for example, 10% merthiolate at 
a final concentration of I; 10, 000, is added. The bacterin 
is adjuvanted with a :;novr, adjuvant, for example, Al(OH) 3 
or Carbopol (Carbomer, Goodrich) The preferred adjuvant is 

35 Quil A at 0.5 mg/ml . Qui A is a saponin. See, Dalsgaard, 
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Acta Veterin. Scand , S«:..p -9:1-40 (1978). 

Tin: bacte; i :\ i anc:a rd i y.i:<l to contain not less 

than 2 . f: aiv.ocbanc. -m • 3 ^ v u nm.. and, preferably to 
contain -\ . t: »ibsnr!v.:i.-:e .ni s c t 59^ nm, by dilution, if 
necessary, »«*ith, £>: e:- -»nc e , saline. Such dosage unit 
approximately cocro:;poi s .o relative potency (RP) , as 
defined .ib: . - of r. o -a 

A *: '.crnat 1 *• ■ % y :c 1 s - « n h ~ removed from the 
culture meoiura, be;-* e -r Et«.-r in activation, and the crude 
supernatant which c-nt ; zh* pre cease can be employed as 

the imm'.:::r:: . r; tccti. a*-, v ;-L::fc:-c:;ily, however, in this 
alternative :>rocer*i -v j>r- t':HSf. is purified by standard 

protein pu r i f ic« t t» • nr. ques , such as by chromatography, 
and the purified p;.ii:er. s -smployed as the immuno- 

protective dcent, The . re .eane is adjuvanted and 
administered in units <■ r rlative potency of 0.4 to greater 
than 1.0, preferably, c.eas.er than 1.0. 

The vaccine of chc invention is administered, 
preferably, in two 2.0 i«l .loses subcu taneously in the neck 
region of calves, three we^ks apart. Higher and lower 
doses, depending, for example, on animal size and relative 
potency of the vaccine, an-.: other routes and schedules of 
administration can be u^ed. For example, dose volumes of 1 
to 3 ml can be admi p. 1st":*- re-.i intramuscularly or sub- 
cutaneous ly around ~he .jye:-j. 

Primary iminuni cation of calves should be initiated 
at 4 weeks of age and a bolster dose given 3 weeks later. 
Annual revaccina tion is recommended. 

"The following Examples of the invention are 
illustrative and not limiting. 

E XAMPLE 1 

Master Seed S »: oc v . and Challenge Cultures 
^- DQV i s wriS i sol: ted from a calf with IBK. The 
isolate was passed twice on Trypticase Soy Agar containing 
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0.5% sheep :-d blooc . . RBC ) . Ths second passage, that 
is r the Masi-r So~d - 0: dent if led as strain Neb-9, was 

grown in th« bact^ri;: mu-.a:..: and iyophilized and stored at 
4°C or fro^n and si/.reo it -70°C. Strain Neb-9 has 
been deposited in accord. nc. with the U.S. patent laws and 
the Budapest Treaty in r : - -rnerican Type Culture Collection, 
Peoria, Illinois, u;;.:^r • re- ss ion number 39503. 

The Master Seed :;t. ck was confirmed to be a pure 
culture of nram(-) rv'.!s iv'ng r.he following 
characteristics: auhn^c , t natc?c ; be ta-hemolysis ; oxidase 
( + ); ge la :-.i. .» ; Li. .< { + ); streptomycin resistant; no 

growth on , :on>;:y 5 ^ ; ,:itr.::;e {-); nitrate (-) ; and 
pheny lalan i r.r i - } 

s t:.::.::ard ch-illc ;e .^ult.^res were prepared by 
growing str*;;: Neb-9 snr- heterologous challenge strain, 
Neb-1, which had beer, is- .a. ad from another calf with IBK, 
on Trypticase Soy Ac.:r p »t--s containing 0.5% sheep RBC. 
Plates were incubated fo. 2- hours at 33°C and then for 4 
hours at room tempera tur, . The growth was then removed with 
a sterile cotton swab ano suspended in 1 ml of Trypticase 
Soy Broth. This was fro/en at -70°C as standard challenge 
seed. one day before ca, £ challenge, the standard challenge 
culture was thawed. One ;nl was added to 150 ml of the 
bacterin medium and grown for 13 hours at 33°C and then 
for 5 hours at room temperature. The pathogenicity of the 
challenge was evaluated '«v infecting eyes of five-six week 
old calves with different: concentrations of bovis . The 
concentration of bovis was determined by measuring the 
O.D. at 590 nm. A needln'-.e^i tuberculin syringe was used to 
inoculate 0.5 ml of m._ bovi*. culture under the third lids of 
both eyes of each calf. .; a ives were challenged with either 
bovis strain Neb-j or ti:iin Neb-9. Eyes of calves were 
examined daily for two wnrjjc for evidence of IBK and then 
periodically for an addi lonal two weeks. 
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5:' .-neristir'jd as follows: A score 
:n« ..ntnnod its normal appearance 
1 IL uhe eye was lacrimating 
i: ..on riod it received a score 
1 :hat :.he eye was swollen 
*- i lacrimating; a score of 3 
iition to conjunctivitis (IBK) 
nc, the observation period. 

.3 '} r below. 

•.P. Z 5 



Results of Challenge 



15 



25 



M. bovi: 
Strain 




Ca.l - 

NO. 


r,cft 
Eye 


Right 
Eye 


Neb-1 


a - j 


si 


0 


0 






6!i 


3 


0 




n . f. 


6u 


3 


3 




I . 5 


63 


3 


3 




i. . h 


2 


3 


3 


Neb-9 


0.24 


70 


0 


3 




0. 63 


73 


3 


0 




EX AM? 


LE 2 






Bacter in/Protease v 


accine 


Preparation 


A second 


seed passage 


of M. 


bovis 


strain Neb- 



grown in the bacterin medium for 24 hours at 33°C to 4.3 
absorbance units at 590 nm. Dissolved oxygen was maintained 
at about 80% "or higher by aeration and agitation. The pH 
30 was maintained at 7,3 by acciition of 5N NaOH. Prior to 
inactivation with a 1/1200 :0.083%) dilution of 
b«ta-propiolactone , -he cu] " ur 3 was cooled to less than 
20°C with constant agitatio» a -id the air and exhaust ports 
were closed. 

Prior to inacti vav - or., the viable count of bacteria 
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in th cuUnr- w t - 
Inactiva t i on .v;-s 



added to ; r - l : 
added to h tm.nl com ••; {- 
protease act: *.. v i ty ( R . .-. 



14- 

•Icr 
chi- 
ton , 
- n o . 
"> n n : 
'.94 
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farming units per irl . 

; ii.rjrs. 

:e: c:iiolate solution was 
1/10,000 and Quil A was 
0.5 mg/ml. The relative 



^° rOU: mixed i;:" ,2e 

vaccinated with the- . ■ - ;t 
mixed breed - alvec . :o 
The vaccine admir. Lst* 

region. All vaccina - .is 

15 days apart. Seruir, v,. . c 
before vaccination, I q,_ 
and 7 days following the 
were challeixj ~d with .--ir« 
?;ible 6 show-, u. 

20 M. bovis bacterin de»- : lov 
by 28 day3 fallowing vac<. 
second vaccination). Ey?:. 
two weeks for evidence o- 
additional two weeks. Th_ 

25 an RPA of 0.94 protected 
calves against IBK . All 
developed IBK . 



ZV. MPLr. ?. 
[y_t- ic arir. . ru^vase Vaccine 



e- 

C! 

]_.; 
S 

- ec 

t 

d 

na 

c* 

IB 
w 

5 

ion 



•.ves 3 to 4 weeks old, were 
des-ribed in Example 2. Three 
^eks >ic were not vaccinated, 
subcutaneously in the neck 
Ived *,! coses of the bacterin 21 
.ted jol serological testing 
."ollowing the first vaccination 
>nd vaccination. All calves 
; M . b o vi s . 

,11 calves vaccinated with the 
serum agglutinating antibodies 
-ion (7 days following the 
: calves were examined daily for 

and then periodically for an 
:cterin, with a RP of 1.10 and 
percent (3/4) of the vaccinated 
vaccinated calves (3/3) 



30 



35 
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TabJ« - 0 

ii. -. -.C: /: ote;)s - hs-'ficacy Test 
..r-.. Ar« r n "iter.-- :m:s Results of Qiallenge 

..: . i;. c: of .V.;fi]i2tination Results 
• h -s ?cv Vaccination of Challenge 



10 



Vacci n:; ! i 
Statu.; 



28 



Left Right 
Eye Eye 



15 



Vaccinate-::.; 



32 
64 
16 
16 



0 0 

0 3 

0 0 

0 0 



20 



4-. 

Not Vaccinated 4^ 

4:; 



4 

0 
2 



0 
3 
0 



3 
3 
3 



1 Scoring : 

0 = Eye wh.i ncrna;, in infection 
25 ' 5 = Eye lacrim,- : ;i. g 

2 = Coniur.cLiv ti in addition to lacrimation 

:■ = ibk 



30 



35 
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reparation 



Supernatant f>om 
strain Neh-9 qrown in rpk 
sodium bicarbonate iVi 2. 
absorbance units at f:00 = 
fractionated on a 15 n - 
Bio-Gel p-?f.*-. {3io-*:?r 
culture compcr.gnt ch- : p 
was substantially *.:•-; <. 
eluting buff :: wel ; : : 2 
NaN^ , pH H.O Pr?. v- ■ 
were pooled :: :io cc r.. j.t-.r 
factor from 500 ml or cu . 
relative protease m-i-ivi 

Pool^ £rao ! .:;:.:is 
protease wort combined w \ 
concentration of Quil h - 

Mouse Potency 
The protease vacc 
Example 4 and a reference 
0.15 M NaCl containing 50 
grams) were vaccinated t*- 
intervals with 0.5 ml of . 
of the vaccina or the oar.: 
days later with infection.- 
(31.2 LD 5Q ) . All survive: 
recorded 3 days following 
protease vaccine preparat^ 
the reference bacterid ws, 
indicate that protease am 
antigenic components of h 
bovis challenge. Protease 
antigenic components will 



■j econo seed passage of M. bovis 
i- S40, 21 N-Z Amine A and 0.2% 
h: urs «t 33°C to 7.0 

as concentrated 70X and 
3 0 mm rolumn packed with 
■y ; ga — partial separation of a 
s sseo proteolytic activity and 

0 ":er : . bovis antigens. The 

1 .s, . a:=S M NaCl and 0.02% 
.air c, protease activity 

e ?* : final concentration 
u- supernatant was 25X. The 
a s l.o. 

c Gaining the partially purified 
h }uil :*-. at a final 
- 1:0 . ug/ml . 

re:; t-Pro tease Vaccine 
inc preparation described in 
bsoterin were diluted 5-fold in. 
uc Quil A per ml. Mice (16-20 
. cf- intraper itoneally at 21 day 
ier a i/10^§? 1/250 dilution 
e: in. Mice were challenged 7 
M oraxella bovis strain Neb-1 
s in each test dilution were 
cb allenge . 
ion was 1/43.7, 

1 '177.2. These results 
is; jns separate from other 
jywis protect mice against M. 
r. itigens separate from other 
al^o aid in the protection of 



The PD 5Q of the 
The PD 50 of 
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protection of catcie a.. ;i: .it M - bovis infection. This 
statement in baser? on c . vidc.c* that there is a direct 
relationship bet-cn t : r :v , cf m. bovis bacterins and 
their effrivdvennss in ,r -ecti: : c cattle against M. bovis 
infection 



The bacce r : 
protease a::Lige:vj aion-. 



more effective, however, than 



wh th:; pr;-£. embodiments of the invention 

are described above., i. i understood that the invention 

10 includes cha;,.;,, fi . ,. difi. -Lions within the scope of 

the follnv-:^ el- ~ 



15 



20 



25 



30 



35 
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l ; i h \ mj. i i . i • i 

Sf ri-j ? i r;. 

1 • /5 *' •': c c 1 ■:? : •:: i f 
5 Mo r axel 1 g » o vi_s w : s : ■> 
a v a c c i n a 1 ni o u n •; i ■ : 

2. " vac... 

free of nt?:£r M. hovJ_s 

3 . T i i e v a c c n r: ( .< 
10 centrated : rsctimi r.f 

b O v 1 S grow;: in .-: inc- 
which i ;n d t: ;-. p ;-. ,- : /. . 
nutrients. 

15 which i rifi i». p • ■ ■ : 

digest; h y .: • :rc ?: i c .ic 
tissue con,:. *: tu.-jr.r. r 
yeast extract: b^: : rr" 
5 . Tr,« v/acr i nc o w 

20 which induces protease 
digest. 

M. bo v i s is crown at 
tral to slightly ^.ikal^ 
25 590 nm i s at least 2.0 

7 . The vaccine ov 
M. bo v i s is grown unf. 
least 4.6 absorb a nee ur. 

8. The vaccine of 
30 is strain Neb-9. 

9 . The vaccina o : 
RPMI 1 640 with ?.% N-Z 
nate. 

10. A v a c c i n c: c p 
35 bo vi s with-Mt serious 



'. «:ntr • • t inq States 



11 L. L- lu > nl, se 



; • of - r! i : r. i n g immunity to 
s-riou ?.ide effects comprising 

j | • ■ y i s i'--*otease. 
, iai.-i! : which is substantially 

: • t i g e n 

•t l-i im ' : which comprises a con- 
lO-.-rnat -.nt from a culture of M. 
usn wh"i h contains a substrate 
■ iduct oi. in addition to other 

claim ;•: I r. which the substrate 
.--uct •••■n is casein or a casein 
chonr-oiten sulfate or other 
Iributi-.g to tissue integrity; 
s )n ; o t ryptone. 
c'^.im in which the substrate 
* r -.jfjuct i sin is casein or a casein 

ciaim 3 in which the culture of 
to 35°C with aeration, at neu- 
e tH, until absorbance at 
bsorbanr.e units. 

claim f. in which the culture of 
11 absorbance at 590 nm is at 

ts. 

claim 6 in which the M. bovi s 

claim £ in which the medium is 
ni.:e A and 0.2% sodium bicarbo- 

le of inducing immunity to M. 
■do effects comprising a vacci- 
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a 

IJ r 

■ a r 



f» n v ' 

• \ v i 



10 



. I I • J ; • - 1 . . : • 

r- *.e t * ' *-0 

V a C •*. • ■ • : : 
v . ; t P c : r . i . V. • 

0;J i t i o 

vaccine o ■ 
s p r *) f. ■? ?. s n 
urn r; it: <: r. -i 



1 n a 1 amoun; 
p o n e n t h ,i »* 

11. : 
protease 

5 immune rr^i 

12. T 
is an i n c 
which c o n t 
due t i on in 

13. T! 
which i n n u 
digest; nv 

tissue constituents ci. 
yeast extract; beef Snf 

14. T»::j vaccine o * 
which incurcs protease 
digest. 

15. The vac c Inn i 
of M_. bo v i s is grown at 

2 0 neutral to slightly a 
5 90 nm is a 8 least 2.0 

16. The vac c * ; n •: n 
of M_. b o v j s is grown \. 
least 4.0 ausorbance u n 

17. Tho vaccine o ^ 



n which contains a com- 



15 



25 



i which the amount of 
cient to stimulate an 



h * .; t e r 

. c: t i v 

: . i m 1 
i suf ' 
o ' ;asc 

r. .i:n in which the bacterin 

;S il* hf - v i s grown in a medium 
tf. whi- =■ induces protease pro- 

n n u - i -j n t s . 

;1 .im 1." in which the substrate 
-nlucti'Mi is casein or a casein 
.honri o'tin sulfate or other 
rr : butirsg to tissue integrity; 
■.inn; o> tryptone. 

1 ;im 1.: in which the substrate 
■•o-iuction is casein or a casein 

cairn '2 in which the culture 
; >0 to 3f:-C with aeration at 
a • ine r-H, until absorbance at 
s - r banc * units. 

claim ;5 in which the culture 
ti; ab s^r banc e at 590 nm is at 

; s . 

claim 15 in which the M. bovis 



is strain Neb-9. 

18. The vaccine of claim 17 which comprises a cul- 
ture of M . bovns in RPKI 1640 with 2% N-Z Amine A and 

ich has been inactivated by 

inal concentration 



0.2% sodium bicarbonate, w 
30 addition of beta-prop ic-' : ac*. one h t a 

of 1:1200 and adjuvanteJ with Qui! A to a final concen- 



tration of 



1 



nv /ml 



35 
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' * .? J ms fn f. ?j ; £ fi n t r a r , r.Jj • g State AT 

1. -riics- -".t" m r.ari o vaccine capable of 
inducing s nsi-:*,j,-. i ty M£ xj. . "JjL !; : :^ I without serious 

5 side effr-r. *■ r.oi-:- ■ • •• ? :« ;.; -jwir:- :. bovi s in a medium 
which cos'. ■:. * .r.-.s whi>" ruiuces protease pro- 
duction -iuaii o- ..;r i -i ients, isolating and 
concentre; ; Lfu jr . t :t. 

2. :i - fee: .■; i: ; to 1 i m 1 wherein the 

10 obtained v nine ; >•> inti ■ » - free of other M. 
bo vi s anU o • . 

3. Th-.- uror.: oi ::i.;im • o- 2 in which the sub- 
strate whicsi 1 ndii-.. f.i.e p ?ci action is casein or a 
casein digc.L; hy l sir or. • r,cid, -.rw.ndroi ten sulfate or 

15 other tissue: const i tue*- s contributing to tissue inte- 
grity; yeast, extract: b*--?f infur- <orj or tryptone. 

4. The process o* ci:im 1 o: 2 in which the sub- 
strate w?i -ch induces p . • ;e-se p vcxt ion is casein or a 
casein digest.. 

20 5. Th- process o: 0 f r].;=i ms 1-4 in which the 

culture of M . bovi s is irr*wn at 30 to 35°C with aera- 
tion, at ne:;L-al ;..?. si h^:y a'-ka-ine pH, until absor- 
bance at 590 run is ]. ,si. 2.0 fibsorbance units, 

6. Th:? process of ;n; of claims 1-5 - in which 

25 the culture of M. hoy - - r. grnwn until absorbance at 
590 nm is at least 4.0 .-:->s or banco units. 

7. Thp process of anv of claims 1-6 in which the 
H' k° v1 s is strain Neb-9 

8. The process of ony 0 f ciaims 1-7 in which the 
30 medium is RPMI 1640 witr. Vi, N-Z Amine A and 0.2% sodium 

bicarbonate. 

9. A process for or sparing a vaccine capable of 
inducing immunity to m. b o v i s without serious side 
effects comprising grow: ,g ^. b o ^ i s in a medium which 

35 contains a substrate which induces protease production 
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1 in addition i.o oth-r v.:. 
culture mnHiiim. 

10. A ;;rfice:.S in:c 

substrate w J , i ^ h i ruS u c e s 

5 or a c a s c i r. d i g e r. ! : ; h y . 
fate or r- - h .* • ti s r-we 
sue i n t e<; - j : y .; y : -. • p 
tone . 

1 1 - - ;J ;OC:. ' 

10 which ind- ;:ro: 
digest. 

12. i f j i . 1 *~ o c : . 1 v *. 
culture o" =* . ;>o •• j h 
t i on at n*- ii .h to. >. 1 q ; 

15 bance at /. 9'0 nm i .-.t It 

13. The proce^; of 
culture c f boyis ■■• 
is at least ^.0 ahsorhar.; 

14. The process of • 
2° M- bo vi s is strain Neb-S 

1 5. The process of 
medium is R ? M i 154 0 wit: 
bicarbonate a n d the i na- 
tion of b e fc a - d r o p i o 1 a c to ! 

25 1:1200, the inactivate^ 
Q u i 1 A to a final c o n c e n 



\t tuen":-; and inactivating the 

d. ig t.- i.laim 8 in which the 

0 ease production is casein 

1 j : n i c .^cid, chondroitin sul- 
. t t u e n * > contributing to 1 1 s - 
•"•! t ; !•■••*! infusion; or tryp- 

. ; .;i 9 • ^hich the substrate 
i - ■ ;: t i v > casein or a casein 

t of f'-iims 8-10 in which the 
- n a*. :•;! to 35°C with aera- 
'.v alka'ino pH f until absor- 
; t 2 . 0 -.hsorbance units, 
ny of c'a-'nis 8-11 in which the 
o*" : i untH absorbance at 590 nm 
:e -nits. 

•ny of caims 8-12 in which the 

-ny of claims 8-13 in which the 
<i* N-7 Amine and 0.2% sodium 
Mvation is performed by addi- 
e at a final concentration of 

medium being adjuvanted with 
nation --f Qui! A of 0.5 mg/ml . 
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